ABSTRACT. The objective of this study was to investigate the correlation between spicular signs on computed tomography (CT) scans and peripheral lung cancer (PLC) that is associated with interstitial lung disease (ILD) and chronic obstructive pulmonary disease (COPD). We analyzed clinical data from 96 PLC cases and grouped patients based on whether they had interstitial pneumonia into either ILD/COPD group or non-ILD/COPD group. The occurrence rate of spicule sign was 90.3% in the ILD/COPD group and 61.8% in the non-ILD/COPD group, respectively. There was a significant difference between these groups (P < 0.05). There were no significant differences in the occurrence rate of spicular signs among patients with different pathological types of PLC. The severity of ILD affected the spicular morphology on CT scans directly. There was a significant correlation between the appearance of spicule sign on CT scans and PLC that was associated with ILD/COPD.
INTRODUCTION
Peripheral lung cancer (PLC) is a type of carcinoma that usually occurs at the inferior segment of the bronchia. In radiographic imaging, PLC usually appears as a nodule that is easily confused with surrounding inflammatory nodules and tubercle (Stiewe, 2007; De Sousa et al., 2012) . Following the development of imaging technology, current computed tomography (CT) techniques can obtain 3 dimensional (3D) images, which is different from the previous methods as cross-section scanning. Current techniques also allow us to observe the PLC diagnostic parameters, such as spicular signs, lobulation and spiculate protuberance. Spicule sign on CT image is an important index for PLC diagnosis (Swisher et al., 1999; Mitsudomi et al., 2000; Rho et al., 2007) . Related studies have indicated that interstitial lung disease (ILD) and chronic obstructive pulmonary disease (COPD) significantly correlate with spicule sign on CT images of PLC (Kennedy et al., 1997) . In the present study, we sought to clarify this correlation by analyzing clinical data from 96 PLC patients in our hospital.
MATERIAL AND METHODS

Clinical data
We retrospectively analyzed clinical data from 96 patients diagnosed with PLC in our hospital between May 2012 and June 2013. The patients were divided into ILD/COPD group (N = 62) and non-ILD/COPD group (N = 34) based on whether they had interstitial pneumonia or not. The ILD/COPD group included 41 males and 21 females with ages ranging from 41 to 79 years (means ± SD, 56.2 ± 10.3 years). Tumor sizes ranged from 1.3 to 4.7 cm (means ± SD, 2.6 ± 1.3 cm). The pathology types of these tumors included bronchoalveolar carcinoma (9 patients), small cell carcinoma (10 patients), squamous cell carcinoma (14 patients), and adenocarcinoma (29 patients). The non-ILD/COPD group included 18 males and 16 females with ages ranging from 42 to 78 years (means ± SD, 55.6 ± 10.7 years). The tumor sizes in this group ranged from 1.2 to 4.5 cm (means ± SD, 2.3 ± 1.1 cm). The pathology types of the tumors in this group included bronchioloalveolar carcinoma (5 patients), small cell carcinoma (7 patients), squamous cell carcinoma (10 patients), and adenocarcinoma (12 patients).
Diagnostic criteria were based on Pal et al. (2001) , Katzenberger et al. (2006) , and Murakami et al. (2010) . Diagnoses were made by experienced doctors after examination of CT images. ILD was indicated by the presence of abnormal pulmonary mesenchyma, nodules, hypertrophy, and fibrosis. COPD was characterized by partial or complete pulmonary emphysema with clinical symptoms including shortness of breath, chest tightness, fever, and hemoptysis (Joshi et al., 2005; Gentile et al., 2006; Battaglia et al., 2006; Wohlfert and Belkaid, 2010) .
Patients were excluded from the study if there was incomplete clinical data, unmatched research regulations, severe adverse reaction, or died during treatment.
Measurements
Regular scans were performed using 64-slice spiral CT. Ultravist solution (360 mg/ mL) was used as a non-ionic contrast (Lee and Mazmanian, 2010) . The scanning parameters were: 0.723 mm slice thickness, 0.723 mm slice interval, 120 kV voltage, and 276 to 700 mA current (Weaver and Hatton, 2009 ). Multiplanar reconstruction, maximum intensity projection and curved three-dimensional reconstruction was used for 3-D mapping. Four-chambers, long axis, and short axis were fixed during scanning (Coombes et al., 2007) .
Observation of spicule sign on CT images
The feature of spicule sign on CT images of PLC were diffuse and demonstrated independent linearity. They originated from the margin of the carcinoma, extended into the pulmonary parenchyma, and separated from the thoracic diaphragm (Murai et al., 2010; Hadis et al., 2011; Miyao et al., 2012) . Spicule sign that were clear and countable were recorded as numbers, while spicule sign with serious divergencyor cactus-like diffusion were quantified as area. Observed data was converted based on the width and length with the boundary as 2 mm and 5 mm, respectively (Busch et al., 1998) . Evaluation of spicule sign was performed by 2 doctors with significant clinical experience in a double-blinded manner. Any inconsistencies were discussed before a final decision was made (Lahl et al., 2007) .
Statistical analysis
All data are reported as means ± standard deviation. Results were analyzed using SPSS, version 19.0 (IBM Corp., Armonk, NY, USA). Categorical data were analyzed with the chi-square test while measurement data were analyzed by the Student t-test. Results with P <0.05 were considered to be statistically significant.
RESULTS
Comparison of presence of spicule sign between 2 groups
The ILD/COPD group included 56 patients with spicule sign (90.3%) and 6 patients with no spicule sign (9.7%). The non-ILD/COPD group included 21 patients with spicule sign (61.8%) and 13 patients with no spicule sign (38.2%). Occurrence rate of spicule sign was significantly higher in the ILD/COPD group compared to the non-ILD/COPD group (P < 0.05), suggesting a correlation between spicule sign and ILD/COPD ( 
Correlation between spicule sign rate and PLC types in the ILD/COPD group
In the ILD/COPD group, spicule sign occurred in 93.1% of the adenocarcinomas, 85.7% of the squamous cell carcinomas, 77.8% of the bronchioloalveolar carcinomas, and 10% of the small cell carcinomas. Chi-square tests showed that there were no significant differences among the different pathology types (χ 2 = 7.56, P > 0.05; 
Figure 1.
Images from a 57-year-old male, with a history of cough, expectoration, and dyspnea for 2 months. The sign aggravated during activity and prostration. Computed tomography revealed irregular cavitary lesions in the inferior lobe of the left lung with uneven thickness of the wall and wall nodule. Sparse speculation and superficial lobulation surround the tumor with adjacent pleura adhesion and thicken. Increased intensity of the parenchyma in whole lungs, thickened interlobular septum, and ground-glass-like high intensity opacity was observed. Sputum cytology revealed that the patient had squamous cell carcinoma.
Figure 2.
Images from a 77-year-old male with a history of intermittent cough, expectoration and wheeze for 30 years, and aggravate for 1 month. Computed tomography (CT) revealed a crumb soft tissue shadow in the superior lobe of the right lung, surrounded by large spiculation. Thickened interlobular septum appeared in the right lung, while honey combing appeared in the pulmonary parenchyma. Pathological examination found adenocarcinoma invasion in a biopsy specimen. Positron emission tomography-CT identified a high-metabolic mass in the superior lobe of the right lung, which was suggestive of PLC. 
DISCUSSION
ILD initially arises from inflammation of alveoli, gradually affects alveolar blood vessels and the surrounding tracheal bronchus, and results in self-repair by the pulmonary mesenchyma through fibrosis (Billerbeck et al., 2007) . COPD is an irreversible airflow disease that results in pulmonary emphysema, enhancement and thickening of the pulmonary interstitium, and fibrosis due to the repair process. Related studies have indicated that fibrosis of the pulmonary interstitium is a sign of pulmonary lesion repair. CT images of IPD and COPD reveal the presence of pulmonary interstitial fibrosis and hypertrophy as well as pulmonary emphysema. Many studies have found that pulmonary interstitial fibrosis, hypertrophy and pulmonary emphysema are accompanied by spicule sign on CT images, while spicule sign is also a key index for CT measurement of PLC (Suvas et al., 2003) . Therefore, it is logical to hypothesize that ILD and COPD correlate with spicule sign on CT images of PLC. In the present study, we retrospectively analyzed data from 96 PLC patients treated in our hospital between May 2012 and June 2013 and found that IPD and COPD significantly correlated with spicule sign on CT images of PLC.
The present study found the positive rate for spicule sign was 90.3% in the ILD/ COPD group and 61.8% in the non-ILD/COPD group. There was a significant difference between these groups, suggesting a correlation between spicule sign on CT images of PLC and ILD/COPD. Chi-square tests indicated that there were no significant differences among different pathological types of PLC with regard to the positive rate of spicule sign on CT images, suggesting that there were no correlations between spicule sign and PLC pathological types.
In summary, spicule sign on CT images of PLC were significantly correlated with ILD and COPD, providing a reliable basis for the diagnosis of PLC in the clinic that should be more widely used.
